Introduction
Signatures of equatorial Kelvin waves were first found in lower stratospheric temperature [Wallace and Kousky, 1968] and have also been found in trace constituents using satellite data [Canziani et al. 1994 [1997] identified Kelvin-wave signatures in the lower stratosphere, though for water vapor the results were compromised by poor-quality data in the lower stratosphere.
In addition to possible Kelvin-wave signatures in lower stratospheric water vapor, we also wish to investigate in this paper the possibility of a stratospheric signature of the tropical intraseasonal .oscillation (TIO). For both kinds of sub-seasonal variations we turn to a relatively new water vapor data set from the Microwave Limb Sounder (MLS) instrument aboard the Upper Atmosphere Research Satellite (UARS). While MLS stratospheric water vapor data have ' previously been used in a number of studies, the data set used here is based on a new retrieval that extends the data down to 100 hPa, as explained in section 2. We analyze the spectral characteristics of sub-seasonal anomalies in MLS water vapor at the 100 and 68 hPa UARS levels.
Data

MLS measures water vapor in two spectral bands, 183
GHz and 205 GHz, with best sensitivity in the stratosphere and upper troposphere respectively. With the standard retrieval, the 183 GHz radiometer yields data at and above 46 hPa with a resolution of about 5 km. A nonlinear retrieval has been developed that extends the sensitivity to 100 hPa and doubles the vertical resolution; results from an earlier version of the nonlinear retrieval were presented Copyright 1998 by the American Geophysical Union.
Paper number 98GL51847.
0094-8534/98/98G L-51847505.00 and discussed by Mote et al. [1996] . The retrieval has been improved, primarily by eliminating systematic errors and by speeding up the code to allow all available days to be processed. The range of available days lies between late September 1991, the launch of UARS, and late April 1993, when the 183 GHz radiometer failed. There are several oneday gaps, a four-day gap, and a long gap in June-July 1992 when only a few days of data were taken. We bridge the shorter gaps by linear interpolation, and the long gap forces us to divide the record into two segments for most analyses.
In contrast to solar occultation instruments, MLS, because it measures emissions at the limb, can gather over 1300 profiles per day. We have formed a zonal, equatorial crosssection of water vapor data in time and longitude by binning profiles within 2.5 ø of the equator in 24 ø longitude bins for each day, after quality control. All equatorial data values at 100 hPa are flagged by the retrieval as suspicious (meaning that the error of the retrieved product is greater than one half of the error of the a-priori data) but are nonetheless reasonable in some respects: the seasonal variations agree with 100 hPa temperatures and with HALOE water vapor [Mote et al., 1996] . The higher-frequency, zonally-varying fluctuations of MLS water vapor at 100 hPa also seem reasonable, and do not arise from the (zonal mean) a-priori data, but may be affected by the values at 68 hPa, the next UARS level above 100 hPa. To be on the safe side, we concentrate here on the data at 68 hPa.
Results
As shown by Mote et al. [1996] , water vapor has a large annual cycle at the tropical tropopause. In fact, lowfrequency variability accounts for more than 90% of the variance. In order to reveal the subtler signature of higherfrequency variations, we high-pass filter the data removing periods longer than about 90 days. We then remove variations in the zonal-mean component and consider two 256-day intervals, one on each side of the data gap in June-July 
10-25 day band
In the 10-25 day spectral band, the disturbances are only attenuated by a factor of 2 between 100 and 68 hPa. The fact that shorter periods dominate at higher altitudes is con- (approximately 185K to 193K) correspond to a variation in saturation mixing ratio from 1.5 to 5 ppmv. MLS water vapor variations in the sub-seasonal frequency range, on the other hand, are only a few tenths of a ppmv; this discrepancy could be attributed to a number of causes, including the vertical resolution and sensitivity of the MLS retrieval.
It seems likely that the data at 100 hPa contain useful information not just at low frequencies, as akeady demonstrated by Mote et al. [1996] , but also at sub-seasonal frequencies. These data provide an important link between lower stratospheric and upper tropospheric water vapor, a link that will be investigated further. In the present paper NASA contracts NAS1-96071 and NAS5-32862, and work in the U.K. by NERC.
